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^ (57) Abstract: The invention relates to a hearing aid apparatus of the type which is intended for sound transmission from one side 
S of the head to the cochlea on the other side of the head for rehabilitation of patients with unilateral hearing loss, i.e. individuals 

with normal or a slightly impaired hearing on one ear and a profound hearing loss in the inner ear on the other side of the head. The 
£2 hearing aid apparatus is based on the bone conducting principle for bone anchored hearing aids and comprises a vibrotary generating 

part which is mechanically anchored by means of osseointegration in the skull bone (2) at the deaf side of the patient and arranged 
Q to transmit vibrations through the skull bone from the deaf side to the inner ear on the other side of the patient. The frequency 

characteristics of the apparatus is preferably adapted in such a way that the amplification is higher for frequencies above 1 kHz than 
^ for lower frequencies which is in contrast to an ordinary bone anchored hearing aid. 
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Hearing aid apparatus 

The present invention relates to a hearing aid apparatus 
of the type which is intended for sound transmission from 
one side of the head to the cochlea on the other side of 
the head for rehabilitation of patients with unilateral 
hearing loss f i e individuals with a normal or a slightly 
impaired hearing on one ear and a profound hearing loss in 
the inner ear on the other side of the head. 

For the rehabilitation of these patients with single^sided 
deafness traditional CROS (Contralateral Routing Of Sig- 
nal) hearing aids are used today. Such a hearing aid com- 
prises a microphone on the deaf side of the patient and an 
amplifier with a loudspeaker on the good ear. The sound is 
then transmitted from the deaf side to the good ear to 
avoid the head shadow effect which otherwise makes it dif- 
ficult for a patient to hear anything from the deaf side 
of the head. One example of this type of hearing aid is 
described in US Patent No. 3 , 809,829. 

Another example of a previously known CROS device compri- 
ses a powerful traditional hearing aid placed on the deaf 
ear. In this case the sound is amplified by the apparatus 
25 and picked up in the ear canal and converted into vibra- 
tions in the skull bone. The vibrations are then transmit- 
ted to the cochlea of the good ear. This type of apparatus 
is usually named transcranial CROS. 

30 Unfortunately these types of hearing aids for rehabilita- 
tion of patients with single sided deafness have signifi- 
cant drawbacks. In the first-mentioned apparatus the hea- 
ring in the good ear is reduced, due to the apparatus it- 
self in the ear but also due to the fact that the signal 

35 must be transmitted from the microphone on the deaf side 
to the other side by means of a cable or for instance by 
means of a FM radio link. A transcranial CROS, on the ot- 
her side, involves acoustic feed-back problems unless the 
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ear plug is made very tight. Another disadvantage with 
transcranial CROS devices is the fact that the sound qua- 
lity is poor in these devices as they often has to be wor- 
king with full power. 

5 

For persons with other types of impaired hearing, for in- 
stance a misfunction in the auditory canal or a chronic 
ear inflammation, there are bone conducting hearing aids 
on the market today, i e bone anchored hearing aids which 
10 mechanically transmit the sound information to a persons 
inner ear via the skull bone. Such a hearing aid is de- 
scribed for instance in US Patent No. 4 , 498 , 461. 

In such a bone anchored hearing aid the sound information 
15 is mechanically transmitted by means of a vibrator via the 
skull bone to the inner ear of a patient. The hearing aid 
device is connected to an implanted titanium screw instal- 
led in the bone behind the poor, external ear and the 
sound is transmitted via the skull bone to the cochlea 
20 (inner ear) of thi3 poor ear, i e the hearing aid works 
irrespective of a disease in the middle ear or not. The 
bone anchoring principle means that the skin is penetrated 
which makes the vibratory transmission very efficient. 

25 This type of hearing aid device has been a revolution for 
the rehabilitation of patients with certain other types of 
impaired hearing. It is very convenient for the patient 
and almost invisible with normal hair 3tyles. It can easi- 
ly be connected to the implanted titanium fixture by means 

30 of a bayonet coupling or a snap in coupling. 

However, these hearing aid devices have substantially been 
designed for stimulating the inner ear on the same side of 
the skull where the apparatus is placed, and they have so 
35 far not been used for rehabilitation of those patients 
mentioned above, i e patients with single sided deafness. 

It is an object of the present invention to provide a hea- 
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ring aid for rehabilitation of the patient category that 
has been described here, but which hearing aid in contrast 
to the above-mentioned so-called CROS and BICROS devices 
is based on the bone conducting principle, i e a bone an- 
5 chored hearing aid in which the vibratory device is mecha- 
nically anchored in the skull bone by means of osseointe- 
gration. 

According to the invention the bone conducting hearing aid 
10 is arranged to be installed outside or partially implanted 
in the skull bone at the deaf side of the patient with the 
vibratory generating part of the hearing aid mechanically 
anchored in the skull bone by means of osseointegration 
and arranged to transmit vibrations through the skull bone 
15 from the deaf side to the inner ear on the other side of 
the patient. 

According to a preferred embodiment of the invention the 
frequency characteristic is specifically adapted to trans- 
20 mit vibrations in the skull bone from one side of the 
skull to the other. 

In the following the invention will be described more in 
detail with reference to the accompanying drawings in 
25 which 

figure 1 illustrates the principles for the hearing aid, 

figure 2 illustrates an alternative embodiment of the in- 
30 vention in which the hearing aid is partially implanted, 
and 

figure 3 illustrates an alternative solution with a parti- 
ally implanted hearing aid in which the implantable part 
35 is arranged on the good (non deaf) side of the skull, whi- 
le the external part of the hearing aid is placed on the 
deaf side. 
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Figure 1 shows schematically the skull of a patient with 
the auditory organs in the form of an external ear, audi- 
tory meatus, middle ear and inner ear. The patient has a 
profound hearing loss in the inner ear on one side but 
5 normal or only a slightly impaired hearing on the other 
side. On the deaf side there is a hearing aid anchored in 
the skull bone, preferably in the mastoid bone behind the 
external ear. The hearing aid comprises a housing with a 
vibrator 1 which via a skin penetrating spacer 11 is me- 
10 chanically anchored in the skull bone 2 by means of a fix- 
ture 3. The sound is picked up by the hearing aid by means 
of a microphone 5 and is then amplified and filtered in an 
electronic circuitry 4. 

15 As it is mainly the high frequencies which are attenuated 
at the bone conduction from one side of the skull to the 
other, the frequency characteristics of the hearing aid is 
preferably adapted for this application which means that 
the amplification is higher in the treble , frequencies 

20 above 1 kHz, than in the bass f which is in contrast then 
to an ordinary bone anchored hearing aid- 

As the vibrations from the vibrator 1 in this case must be 
transmitted from one side of the skull to the other it is, 

25 due to specific resonance and attenuation characteristics 
in the skull , an advantage if the electronic circuitry 4 
comprises means for converting the signal from the microp- 
hone 5 from an analog to a digital signal for the necessa- 
ry signal processing. Such signal processing means can 

30 then be used for adapting for instance the frequency cha- 
racteristics to individual differencies in the head shadow 
effect , the sound environment, the skull resonance, sound 
direction and the hearing capacity of the well-functioning 
ear. The signal processing means can also be used for ac- 

35 tively counteracting acoustic feed-back problems. 

In order to avoid skin penetration the hearing aid can be 
made with an implantable part including the vibrator and 
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an external part including the microphone 6, see figure 2. 
The external part 7 then also comprises a battery 9 and 
the power is transmitted to the implanted part 8 of the 
hearing aid by means of induction. 

5 

In figure 3 it is illustrated an alternative embodiment of 
the hearing aid in which the implanted part also comprises 
a rechargeable battery 10 which is charged by means of in- 
duction from an external power supply* In this case the 

10 implanted part 8 is arranged on the non-deaf side of the 
skull, while the external part 7 with the microphone 6 and 
the battery 9 also in this case are located on the deaf 
side of the skull. The transmission of the signal from the 
external part 7 to the implanted part 8 can be effectuated 

15 by means of an analog or a digital radio signal. 

The invention is not limited to the examples described he- 
re but can be varied within the scope of the accompanying 
claims. 

20 
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CLAIMS 

1. A hearing aid apparatus of the type which is intended 
for sound transmission from one side of the head to the 

5 cochlea on the other side of the head for rehabilitation 
of patients with unilateral hearing loss, i e individuals 
with a normal or a slightly impaired hearing on one ear 
and a profound hearing loss in the inner ear on the other 
side of the head characterized in that it 

10 is based on the bone conducting principle for bone ancho- 
red hearing aids and comprises a vibratory generating part 
which is mechanically anchored by means of osseointegra- 
tion in the skull bone at the deaf side of the patient and 
arranged to transmit vibrations through the skull bone 

15 from the deaf side to the inner ear on the other side of 
the patient. 

2. Hearing aid apparatus according to claim 1 c h a r a c- 
terized in that the frequency characteristics of 

20 the apparatus is specifically adapted to transmit vibra- 
tions in the skull bone from one side of the skull to the 
other side, 

3. Hearing aid apparatus according to claim 2 c h a r a c- 
25 terized in that the frequency characteristics of 

the apparatus is adapted in such a way that the amplifica- 
tion is higher for frequencies above 1 kHz than for lower 
frequencies which is in contrast then to an ordinary bone 
anchored hearing aid. 

30 

4. Hearing aid apparatus according to claim 1 charac- 
terized in that it comprises an electronic circu- 
itry (4) in which the signal from the microphone (5) of 
the hearing aid to the vibrator (1) is converted from an 

35 analog to a digital signal. 

5. Hearing aid apparatus according to claim 4 c h a r a c- 
terized in that the electronic circuitry (4) com- 
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prises digital signal processing means, for instance for 
adapting the frequency characteristics to individual dif- 
ferences in the acoustic head shadow effect, the sound 
environment, the skull resonance, the hearing capacity of 
5 the well-functioning ear, etc. 

6. Hearing aid apparatus according to claim 4 c h a r a c- 
terized in that the electronic circuitry (4) com- 
prises signal processing means for actively counteracting 

10 acoustic feed-back problems in the apparatus* 

7. Hearing aid apparatus according to claim 4 c h a r a c- 
terized in that it comprises directivity means in 
the form of one or more directivity dependent microphones 

15 and/or signal processing means in the electronic circuitry 
(4). 

8. Hearing aid apparatus according to claim 1 c h a r a c- 
terized in that it comprises an implantable part 

20 (8) with a vibrator (1) arranged to be anchored in the 
skull bone (2) and an external part (7) provided with a 
microphone ( 6 ) and a battery ( 9 ) , and that the power to 
the implantable part (8) is transmitted from the external 
part (7) by means of induction. 

25 

9. Hearing aid apparatus according to claim 8 c h a r a c- 
terized in that the implantable part (8) compri- 
ses a rechargeable battery (10) arranged to be charged by 
means of induction from an external power supply. 

30 

10. Hearing aid apparatus according to claim 9 c h a r a c- 
terized in that the signal transmission from the 
external part (7) to the implantable part (8) is effectua- 
ted by means of an analog or a digital radio signal so 

35 that the implantable part (8) can be placed on the same 
side of the skull as the hearing aid while the external 
part (7) is arranged on the deaf side of the skull. 
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